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Introduction
Acute In-flight effects
Long-term cancer 
risk
CNS-Cognitive
Balance Disorders
Fluid Shifts
Cardiovascular 
Deconditioning
Muscle Atrophy
Bone Loss
Drives the need for 
additional 
“autonomous” medical 
care capacity – cannot 
come home for 
treatment
Behavioral aspect of isolation
Sensory deprivation
Sleep disorders (circadian 
dysregulation)
Vehicle Design
Acceleration/Vibration/N
oise
Environmental – CO2
Levels, Toxic 
Exposures, Water, Food
Decreased Immune 
Function
1. Outlier
2. Impact is extreme
3. Retrospective 
predictability
CBS Integrated Research Pl n
Designed to accelerate discovery (the 
identification), and mitigation (monitoring 
and countermeasures development) of 
the potentially synergistic effects of the 3 
spaceflight hazards on operationally 
relevant tasks, to ensure crew safety and 
mission success.
Integrated Research 
Plan:  
CNS acute effects of 
radiation
Behavioral Medicine
S nsorimotor
Spaceflight hazards GUIDE the Risk Management process, help to PRIORITIZE research tasks, and 
FOCUS our operational implementation of monitoring tools and countermeasures.
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CBS Integrated Research Plan
Designed to accelerate 
discovery (the 
identification), and 
mitigation (monitoring 
and countermeasures 
development) of the 
potentially synergistic  
effects of the 3 
spaceflight hazards, to 
ensure crew safety and 
mission success.
CNS Risk
Space Radiation 
Element
Sensorimotor 
Risk
Human Health & 
Countermeasures 
Element
BMed Risk
Human Factors & 
Behavioral 
Performance 
Element
Re
se
ar
ch
 S
tra
te
gy
3
Research Strategy: Individual Risks
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CBS Integrated Research Plan: Individual HRP Risk 
Areas with associated Gaps
Adverse Cognitive or Behavioral 
Conditions and Psychiatric Disorders
Vestibular/Sensorimotor Alterations Associated 
with Spaceflight 
Effects of Acute (Inflight) 
Space Radiation Exposure
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CBS Integrated Research Plan 
Research Emphases (RE) to Inform the Combined Risk
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RE 1: Standardized models to provide most valid translation from rodent to 
humans for ground testing.
RE 2: Operational performance measures that will best indicate CBS 
performance decrements in ground and flight.
RE 3: Crew Health & Performance Standards that adequately protect crew 
during exploration class missions.  
RE 4: Systematically assessed effects of radiation type & dose-rates on 
operationally relevant CNS/BMed/SM brain performance pathways & 
mechanisms.
RE 5: Validated method for predicting CBS performance decrements due to 
mission-expected radiation exposures.
RE 6: Countermeasures that maintain crew performance standards during 
exploration class missions.
CBS Integrated Research Plan
Overall Research Strategy
Translational Models to Accelerate Knowledge 
Base of CBS Combinatorial Effect
Leverage modeling & research outcomes using 
biomarkers and determine performance/exposure 
relationships via  Brain Performance Pathway: 
establish first POLs & PELs
Computational Modeling
To heuristically  determine biological 
effects that lead to Brain 
Performance Pathway Changes
Crew Health 
Standards
POLs & PELs
Validate / 
Implement 
POLs/PELs & CMs
Countermeasures, Monitoring 
Tools
Determine individual sensitivities, 
biomarkers and countermeasures to 
mitigate risks
Review Evidence Base/   Data 
Mining:
What has our research to date 
demonstrated? Spaceflight 
Hazards: Space Radiation/Isolation 
& Confinement/Altered Gravity 
impacts on CNS/Bmed/SM
Shape Policy
Bridge w/animal 
models & translationRe
se
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Translational Models 
Determine Biological Effects that Lead to Brain Changes
• Using animal models (facilities, 
strains, approaches) with 
translation & reverse translation, 
research domain criteria
• Identify biomarker linkage
• Identify brain structure & 
functional changes 
• Identify performance pathways
• Non-human primates
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Data Mining 
[Galactic 
Cosmic Rays;
Isolated 
Confined 
Environments ;
Altered 
Gravity]
Translational Models to 
Accelerate Knowledge Base 
of CBS Combinatorial Effect
Crew Health 
Standards
POL
PEL
CNS
BMED
SM
Review evidence 
base from 3 Risks to 
determine state of 
collective knowledge.
Perform Data Mining 
on identified 
integrated knowledge 
gaps, to guide 
forward work. 
Emphasis on 
operationally relevant 
performance 
outcomes, brain 
pathways, and 
biomarkers.
Update respective 
CNS, BMED, and 
SM Standards as 
required and 
establish new CBS 
POLs/PELs by 
2026.
Standardize 
Methods/Analyses &
Shape Policy
Establish policy to accelerate 
translational research with Best 
Translational models and measures 
and optimize utilization of valuable 
tissues/data sets.
Accelerate Knowledge Base: 
Fund work using translational 
models to accelerate build of 
knowledge base for the three 
Integrated Risks. Focus is on 
dose rate and order effects 
from Radiation, 
Isolation/Confinement, Altered 
Gravity,  and identification of 
biomarkers via brain 
performance pathways 
associated with operationally 
relevant performance.
9 Translational Models 
• RE #2 - Operational performance measures that will best indicate CBS performance decrements in ground and flight.
• RE #4 - Systematically assess effects of radiation type & dose-rates on operationally-relevant CNS/Bmed/SM brain 
performance pathways & mechanisms.
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Standardization of Methods and Analysis
Review of Evidence Base / Data Mining & Shape Policy
Goals of ‘Review Evidence Base / Data 
Mining & Shape Policy’ include:
• Identify standard tests in humans and 
equivalent translational models.
• Identify “biomarkers” via brain 
performance pathways affecting 
operationally relevant performance. 
• Evaluate availability/mode of 
action/needs for countermeasures.
• Inform via technical interchange 
meeting / workshops – Intra/Extra 
mural experts.
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Tandem Walk Test
Bloomberg JJ (PI) FTT test
Ladder Rung Walk Test
Journal of neurotrauma 26(1):17-
29 · February 2009
Concept of Translation
e.g. Postural control brain network
Mouse Rotarod Test
https://en.wikipedia.org/wiki/Rot
arod_performance_test#/media/
File:Mouse_RotaRod.pngRe
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Evidence of the Need to Standardize Approaches
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Kiffer et al. (2019)
Technical Interchange Meetings
What Standard Experimental Conditions are Needed?
Isolated and Confined Environment Animal Analog
(vs Standard Caging)
Group Size & Composition
Light – Dark Cycle, Lighting Quality, Noise
Sleep Deprivation, pCO2, Radiation Exposure, etc.   
Species, Age, Sex, Strain, Physiology
Stratification for High PerformersIn
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Behavioral & Biological Measures
(Translationally Validated)
Standardization of Methods and Analysis
Review of Evidence Base / Data Mining & Shape Policy
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Nelson G (2017, TM I)
NASA Space Radiation Laboratory GCR Simulation
Defined and delivered GCR reference environment radiation field compatible
with NSRL operational and delivery parameters including animal care, cell
requirements and logistics.
The radiation field found within the female deep
tissue site (BFO) behind 20g/cm2of aluminum
during solar minimum conditions is the reference
field for the GCR simulator.
Slaba et al. (2016)Re
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S.A.E. Nooij © Amersfoot, 2008Guedry et. al (1962)
Centrifugation
Slow Rotating Room Gondola Centrifuge
Rotation transition
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Bedrest serves to delineate the role of body unloading 
/proprioception in spaceflight performance changes
Bedrest Can be Used to Understand 
Spaceflight Performance Changes
Spaceflight modifies:
Vestibular and body 
load/proprioceptive 
information
Bedrest modifies:
Body load/proprioceptive information 
without altering vestibular information
Bloomberg JJ (PI), Functional  Task Test Study
Mulavara et al. (2018), Med Sci Sports Exerc
Spaceflight            Bed rest-Control      Bed rest-Exercise
Pre           Post-flight Pre       Post-bedrest Pre       Post-bedrest
L-60  L-30  R+1 R+6 R+30 B-7 B-3 B+0 B+1 B+6 B+11 B-7 B-3 B+0 B+1 B+6 B+11
Balance Function
Spaceflight and bed 
rest subjects 
showed similar 
deficits in balance 
control 
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JAXA ISS Mouse Centrifuge Cosmos-936 Rat Centrifuge
Body-weight Unloading
Animal Models
Hind Limb Unloading 
Turn Table Centrifuge 
Wu X et al. Front. Pharmacol. (2017)
Centrifuge for Mice
Morita H, et al. (2015) PLoS ONE
10(7)
Isolceram (I-00040 Rocca 
Priora, Italy)
Wagner et al. J 
Appl Physiol 2010
Simulation of combined stressors
Morey-Holton & 
Globus, J Appl
Physiology 2002
Unloading
Centrifugation
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Translations: Animal Research to Human Outcomes
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Complex Decision Making
Rodent Reaction Time
Davis, Roma, & Hienz (2016)
Courtesy of 
Britten R. (2018)
Translational models to determine biological effects that lead to brain changes
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